Coeliac disease (CD) is a common condition that affects 1-2% of the population worldwide and is more prevalent in females than males by a ratio of 2:1. The atypical form, which is more frequent in adult individuals, refers to CD that presents not with prominent gastrointestinal symptoms but with extra-intestinal manifestations [3] [4] [5] .
Introduction
Multiple sclerosis (MS) is a chronic disease of unknown aetiology that is associated with autoimmunity and characterized by the presence of disseminated demyelinating lesions in the Central Nervous System (CNS). Activated, potentially autoimmune T cells cross the bloodbrain barrier and produce inflammatory plaques and axonal loss in the brain, spinal cord or optic nerves. The result is the accumulation ISSN: 2378-3001 DOI: 10.23937/2378-3001/1/1/1012
Methods Patients
We conducted a prospective, controlled study of a consecutive series of patients diagnosed with RRMS who previously attended a specialized review of demyelinating diseases at the Neurology Service, University Hospital Central of Asturias (a tertiary level reference centre that serves an area of about 250,000 people), located in the Northern Spain, over the period of one year (January to December 2008).
A total of 105 patients with a previous diagnosis of RRMS were invited to voluntarily participate in a study to detect a possible clinical improvement with a GFD. The only exclusion criterion was MS patients with primary or secondary progressive forms (PP or SP). RRMS patients who agreed to participate voluntarily were referred for clinical consultation in the Hospital´s Gastroenterology Department, where they were evaluated by a gastroenterologist (LR) who specializes in the study of intestinal diseases of the small bowel.
This evaluation included a specific clinical history and a number of analytical determinations that carried out systematically on all patients. Before inclusion in the study, patients gave written informed consent, and the study was previously approved by the Ethics and Research Committee of our Hospital in compliance with the modified Helsinki Declaration Recommendations.
All of the patients were previously diagnosed with RRMS at the Demyelinating Diseases Office. They returned regularly every six months for outpatient examinations and revisions and were monitored by the same neurologist (CHL).
MS studies
The neurological diagnosis was established according to Mac Donald´s criteria (Polman-2005 revision) [18] . All patients were observed to have lesional temporo-spatial dissemination, as assessed by the patient´s clinical history of relapses, neurological examination, and the presence of gadolinium-enhanced lesions in the brain and/ or spine in Magnetic Resonance Imaging (MRI). Cerebrospinal fluid (CSF) analysis for the presence of oligoclonal bands (OCB) and the determination of visual-evoked potentials (VEP) and somatosensory potentials (SSP) were performed in most of the patients.
At the time of inclusion, the average annual rate of relapses was assessed as the rate of activity in the previous year. The Expanded Disability Status Scale (EDSS) [19] was included as the degree of physical disability that existed at a given time.
MRI evaluation
At the baseline period, all patients underwent a brain and spinal cord MRI in a Sigma HD 1.5T MR Imaging Scanner (General Electric, Milwaukee, Wisconsin, US) to assess the presence of demyelinating lesions before and after the administration of gadolinium (15ml IV Gadovist™ 1.0mmol/ml). The MRI scan was repeated once each year until the conclusion of the study, and usually using included medium contrast agent. Lesional activity was defined as positive when the number of T2-weighted lesions increased or new contrast-enhanced T1-weighted lesions appeared on the MRI scan at the conclusion time.
Laboratory tests
At each visit, the patients underwent a complete cell blood count in an autoanalyser with an automatic cell counter, model R Cell-DYN 3500 (Abbott Lab), and a thorough study of coagulation with an ACL type autoanalyser 3000 (Lab. Menarini). Iron deficiency anaemia was defined as a haemoglobin level below 12g/dl in both sexes.
We also measured a broad analytical biochemical panel, including the following parameters: an iron metabolism study, including serum iron levels (60-140mcg/ml), Transferrin saturation index (TSI) (25-45%) and serum ferritin levels (13-150 ng/ml); Liver function tests (LFTs), including the serum levels of Alkaline phosphatase (AP; 70-120 U/l, Aspartate transaminase (AST; 1-31U/l), Alanine transaminase (ALT; 1-31U/l), Gamma-glutamyl-transpeptidase (GGT; 25-50U/l) and serum bilirubin; measurement of total serum calcium, folic acid, vitamin B-12 and creatinine; total cholesterol (150-240mg/dl) and HDL and LDL fractions and triglycerides; and urea, glucose, total protein and albumin and acute phase reactants such as CRP (C-Reactive Protein). Serum immunoglobulins (IgG, IgA, IgM) were also quantified by nephelometric techniques. The circulating levels of Thyroid Stimulating Hormone (TSH) (normal range, 0.25-5.0mU/l) with serum levels of thyroid hormones (T3 and T4) were measured, and a systematic analysis of urine with sediment was performed. All measurements were performed using a modular Automatic Autoanalyser, Hitachi model SXA-PPBD (Roche) using enzymatic or kinetic procedures.
When LFTs were persistently altered, the anti-mitochondrial antibody (AMA) levels were measured by an Indirect ImmunoFluorescence technique (IFI) on Hep-cell line 20-10 (Euro-Immun, Lübeck, Germany).
CD Studies Serological markers
For CD screening, the quantification of Anti-tissue Transglutaminase type 2 IgA (tTG-2) by commercial ELISA (Phadia Diagnostics, Uppsala, Sweden) was used as the only serological marker. This marker was considered positive for values > 2U/ml because this threshold has a higher diagnostic sensitivity [20] .
Genetic markers
To study genetic susceptibility to CD, we searched for the two most commonly used markers, HLA-DQ2 (DQA1 * 0501 and DQB1 * 0201) and HLA-DQ8 (DQA1 * 0301 and DQB1 * 0302), by PCR using specific primers and a commercial kit, (HLA System ® Domino Protrans Celiac Disease, Protrans, Ketsch, Germany).
Duodenal biopsy studies
An upper gastrointestinal endoscopy with multiple (from 4-6) biopsies from the first and second portion of the duodenum was performed on all patients. The samples obtained from the small intestine were routinely stained with the standard dyes Haematoxylin and Eosin (HE), and specific monoclonal antibodies were used to identify CD3-positive intraepithelial lymphocytes (IELs) and quantify the total number of IELs per 100 epithelial cells. Duodenal biopsies were analysed by a pathologist with expertise in CD and classified into the following types, according to the pathological classification for the diagnosis of CD, which was described by Marsh in 1992 [21] , and later modified in 1999 by Oberhüber et al. [22] . Stage 0, Histologically nomal duodenum; Stage 1, Increase in the total IEL count, with a population equal to or higher than 25% of all epithelial cells; Stage 2, Hyperplasia of the crypts and/or diffuse chronic inflammatory infiltrate in the lamina itself; and Stage 3, Villous atrophy presence, subdivided into 3a) Mild, 3b) Moderate and 3c) Severe. All patients were initially offered a GFD, which they agreed to continue on an on-going basis.
Randomization Criteria
Of the 105 patients who were initially invited to participate in the study, 33 (31%) refused. Consequently, 72 patients were enrolled, of whom only 36 (50%) strictily followed a GFD throughout the duration of the study (which took a median of 4.5 years), Group 1. The remaining 36 (50%), who left the GFD soon, or committed frequent irregularities during the 6 first months of the inclusion, constituted Group 2, in which a regular diet was followed and this group, was used as "controls" (Figure 1 ). Therefore, patients were assigned to the groups according to their degree of compliance and adherence to the GFD and were confirmed to belong to each group in consecutive reviews throughout the study period, which were conducted by examining the patient´s history 
Length of the study period
The median duration of the study period was 4.5 years. A comparative study was performed between the baseline visit and the end of the study for each group and between groups.
Statistics
Continuous data are expressed as mean ± standard deviation (SD). Categorical data are presented as numbers and percentages (%). When the studied variables were not normally distributed, nonparametric statistical methods were used. For categorical variables, the χ 2 test was used. If the continuous data followed a normal distribution, a t-test was used. Differences between groups were evaluated by analysis of variance (ANOVA) followed by Fisher´s test for post-hoc analysis. All statistical assessments used, were two-tailed. Statistical calculations were performed using SPSS 15.0 software (SPSS Inc., Chicago Il.) and a p value less than 0.05, was considered as statistically significant.
Results
Patients were divided according with the diet type into 2 groups: I (GFD) and II (RD). In demographic data, most of the participants were females [89% (I) vs 78% (II)]; Mean age, was very close [42 ± 11 (I) vs 44 ± 8 (II) ys]; MS age onset, was similar in both groups: [31 ± 10 (I) vs 34 ± 9 (II) ys]; MS duration was [11 ± 6 vs 10 ± 5 ys] before entrance into the study. They have received previously β-IFN treatment in 47% (I) vs 61% (II) and have got previous pregnancies in 56% (I) vs 50% (II). No differences were found between both groups in all the parameters analyzed. We found a higher prevalence of associated diseases in all MS patients, mainly of an autoimmune nature and possibly related to gluten intolerance, but the only significant difference was that iron deficiency anaemia was more common in Group 1, than in Group 2 (p<0.005) ( Table 1 ).
The results of the studies regarding the presence of serological, ISSN: 2378-3001 DOI: 10.23937/2378-3001/1/1/1012 genetic and histological markers of gluten intolerance in the two groups are shown. We didn´t found any significant difference regarding the mean tTG levels, the HLA-DQ2 and DQ8 genetic markers and the duodenal biopsy findings between both groups (Table 2) .
We analyzed the possible influence of the HLA-DQ2 and DQ8 status, on the Annual Relapse Rate, EDSS, and MRI after the treatment between RD and GFD groups and we did not find any significant correlation. We did not determine the HLA-DRB1*1501 status, on this study.
The response to the GFD at the end of the follow-up period showed a clear improvement in the EDSS values (mean and median) and a lower lesion activity, as determined by MRI scans in Group 1, compared with Group 2 (p < 0.005) ( Table 3) .
Discussion
The present study examined 72 patients with RRMS, 36 of whom followed a GFD for a median of 4 years. When patients on a GFD were compared with a group of equal size that followed a standard diet, we found that patients following a GFD presented a decrease in EDSS values at the end of monitoring, which translated into an improvement in their physical state and a lower lesional activity by MRI, compared with a group following a normal diet (p = 0.001 for both results). There was also a decrease in the average annual rate of relapses in Group 1 with respect to Group 2, although it was not significant (NS).
These data confirm the initial hypothesis that a GFD seems to produce an objective clinical benefit in and a clear neuroprotective effect in these patients. This is a pioneering study in that we recommended a GFD to patients regardless of the presence of concomitant CD, the existence of an underlying enteropathy or an association with intolerance to gluten.
One of the weaknesses of the study is the selection of patients. A GFD was initially offered to all patients. They were subsequently divided into two groups, and the second group comprised those patients who chose not to adhere to this type of diet or resigned at the beginning of the study (in the first six months visit). The adherence of the GFD was confirmed by specific questioning of patients and their families at each biannual visit over a median follow-up of four and a half years.
Both groups included equal numbers of patients (n=36) and showed no clinical differences in terms of age of onset and duration of RRMS. In group 1, 47% of the patients were receiving immunomodulatory treatment with IFN-beta compared with 61% in group 2 (NS). There were no differences in history of pregnancy between the two groups. Both groups were also homogeneous with regard to the average annual rate of relapses and baseline EDSS. Neurological findings (VEPs, SEPs and the presence or absence of OCB in the CSF) were comparable between groups. There were also no differences in relation to MRI findings as an indicator of disease activity between groups.
Baseline blood counts and biochemistry, including liver and thyroid function tests, showed no different differences values. It should be mentioned that the presence of circulating anti-peroxidase from thyroid (TPO type) and anti-nuclear (ANA) antibodies was slightly higher in group 1, than in group 2 (p < 0.05 for both results).
The high frequency of various kinds of associated diseases, such as skin alterations, endocrine disorders (primarily hypothyroidism), increased liver function tests and osteoporosis (many of them probably autoimmune in nature), with no differences between groups, is remarkable. Iron deficiency anaemia was the second most frequent associated disease after dermatitis and occurred at a higher rate in group 1 (56%) than in group 2 (22%) (p = 0.004).
A high level of anti-tissue transglutaminase-2 (tTG-2) IgA in the serum of the patients is an important serological marker in the diagnosis of CD and correlates well with the severity of villous atrophy in the small intestinal biopsy. Anti-tTG-2 antibody serology may be negative in the presence of partial villous atrophy or in subjects on a GFD prior to testing. Regarding the serological markers of gluten intolerance, the only marker found was tTG, whose mean values were slightly higher in group 1 (6.3 ± 3.1 U/l) than in group 2 (1 ± 0.5 U/l) (NS), which may be related to the wide range of values used. This variability occurs most often in clinical practice, and a large international study has demonstrated a wide variability in the sensitivity (69-93%) and specificity (96-100%) of this measurement in a total of 20 laboratories [23] . There were also differences in the threshold of significance between different commercial reagents for the serological diagnosis of CD [24] . During the detection of CD in everyday clinical practice, the diagnostic value used is lower than that reported in the literature, especially in the absence of villous atrophy, which shows a good correlation with the diagnosis of CD [25] . Several studies have confirmed that the diagnostic sensitivity of tTG decreases to below 30% in patients with lymphocytic enteritis (Marsh1) [26] .
Neurological dysfunction may be the only initial manifestation of gluten sensitivity. Antibodies to one isotype of tTG, namely, the sixth variety (tTG-6; both IgG and IgA), show a higher prevalence in gluten-related ataxia and can be used as sensitive and specific markers of neurological disorders associated with CD [27] . Reichelt et al. found a significant increase in the anti-gliadin IgA class in a series of 36 patients with MS, whereas they found no elevation in anti-tTG or anti-endomysium antibodies [28] . Regarding the genetic markers that are most commonly associated with gluten intolerance, such as the DQ2 and DQ8 subtypes of HLA-II, no differences were found between groups or in healthy bone marrow donors. In CD, DQ2 is the predominant genetic marker (90-95%), with DQ8 having a much lower frequency (5-10%). Individuals who are negative for both common genetic markers have a low risk, but at least, there are also about 5% of patients that are negative for both DQ2 and DQ8, as confirmed in a recent multinational European study [29] . Although HLA-DQ2 is the major genetic risk factor for CD, Romanos et al. [30] have shown that patients with CD who are carrying 13 or more non-HLA risk alleles are more at risk of CD than carriers of 0-5 alleles. This model produced an increased sensitivity of 6.2% compared with the isolated use of HLA as the unique marker.
Histological examination of the small intestine remains the gold standard for the diagnosis of CD. Biagi et al. [31] demonstrated that minimal intestinal lesions in the absence of positive serology are associated most often with CD. Deposits of IgA against tTG-2 in mucosal tissue of the small intestine suggest that the patient may be sensitive to gluten despite having a normal duodenal villous architecture [32] .
In our study, we confirmed that 8 patients had lesions of mild villous atrophy (Marsh ≥ 3) with all of the histological criteria of CD. All of these patients were in group 1, in which there was a clear predominance of coeliac patients (22.2%) compared with group 2 (0%). Our research group has recently reported an increased prevalence of CD patients (11%) among patients with RRMS, which is far greater than the 1-2% found in the general population [33] .
Although the findings of a duodenal biopsy are important to confirm the diagnosis of CD, some reports have confirmed the high correlation between high serum tTG levels (>100 U/l) and the presence of villous atrophy, suggesting that duodenal biopsies could be avoided, at least in children, in this situation [34] .
MS has a multifactorial aetiology and the contribution of anti-tTG and anti-gliadin antibodies (AGA) may be interesting in this disease, not only from a diagnostic point of view but also because they may contribute to its pathogenesis. Historically, a GFD has occasionally been used in a speculative way to treat MS. There are only anecdotal descriptions of the use of a GFD, targeting a possible beneficial effect, in isolated cases with this disease [35] [36] [37] , and subsequent studies found some benefit from their implementation [38] .
Although there are discrepancies about the possible association of CD with demyelinating diseases, such as MS and neuromyelitis optica (NMO), the possibility is well documented, and good responses to a GFD have been observed in some cases [39] [40] [41] .
Recently, authors from Israel studied the presence of antigliadin IgG in a series of 98 MS patients and found that it was present in 7 patients, compared with 140 control cases present in two (p=0.03). They also measured the level of anti-tTG IgG and found positivity in 4 patients in group I and in none of the controls (p=0.02). The authors concluded that there is a strong association between the presence of such antibodies and MS, postulating that a GFD would be advisable, especially in patients who are positive for gluten-related circulating antibodies [42] .
In the present study, we also found that a GFD has a neuroprotective role in a majority of MS patients, especially in improving the physical capacity, as determined by EDSS, and the activity of lesions seen on MRI. The higher prevalence of CD in group 1, has probably influenced these favourable results.
A high prevalence of associated CD has been detected in our RRMS patient series; thus, the GFD may produce a beneficial effect on both diseases in these cases. These preliminary findings should be confirmed, however, in larger comparative studies that are designed prospectively with a multicenter participation and a longer follow-up period.
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